Objective: The aim of the study was to investigate the effects of fibre-rich rye bread and yoghurt containing Lactobacillus GG (LGG) on intestinal transit time and bowel function, and to test whether they have an interaction in cases of self-reported constipation. Design: The study was carried out as a two-by-two factorial design. Setting: Free-living subjects. Subjects: A total of 59 healthy women with self-reported constipation, recruited by advertisement. Interventions: After a baseline period, the subjects were randomized into four diet groups: (1) rye bread þ LGG yoghurt, (2) rye bread, (3) LGG yoghurt, and (4) control. The 3-week dietary intervention was followed by a 3-week follow-up period. During each period, total intestinal transit time was measured and the subjects recorded faecal frequency and consistency, difficulty in defecation and gastrointestinal symptoms. Results: The rye bread shortened total intestinal transit time (mean difference, À0.7; CI 95 , À1.1 to À0.2; P ¼ 0.007), increased faecal frequency (0.3; CI 95 , 0.1 to 0.5; P ¼ 0.001), softened faeces (À0.3; CI 95 , À0.4 to À0.2; Po0.001) and made defecation easier (À0.4; CI 95 , À0.5 to À0.2; Po0.001), but also increased gastrointestinal symptoms (1.6; CI 95 , 0.7 to 2.4; Po0.001) compared to the low-fibre toast consumed in the LGG and control groups. There were fewer symptoms in the rye bread þ LGG group compared to the rye bread group (À1.3; CI 95 , À2.4 to À0.2; P ¼ 0.027). Conclusions: Fibre-rich rye bread can be recommended in the treatment of constipation, and the simultaneous consumption of LGG yoghurt relieves the adverse gastrointestinal effects associated with increased intake of fibre. Sponsorship:
Introduction
Constipation is a common complaint of the gastrointestinal tract. One in five Western women report that they suffer from the complaint (Walter et al., 2002) . Constipation is related to increasing age, female gender, lower socioeconomic status, low consumption of fibre and the Western lifestyle (Garrigues et al., 2004; Higgins and Johanson, 2004) . According to the Rome II criteria, when no organic cause is found, constipation is considered to be functional and the diagnosis of functional constipation can be based on the patients' own reports (Thompson et al., 1999) . A widely accepted definition of constipation involves the presence of at least two of the following symptoms: fewer than three bowel movements per week and/or difficulty in defecationstraining, hard stools, sensation of incomplete evacuation or sensation of anorectal blockage (Thompson et al., 1999) . The treatment of functional constipation is based on dietary and other lifestyle modifications, and the role of dietary fibre is generally accepted in the prevention and treatment of constipation (Loening-Baucke et al., 2004) . In Finland, the daily intake of dietary fibre by women -18 g (Männistö et al., 2003) -is less than the Nordic recommendation of 25-35 g per day (Becker et al., 2004) . The laxative effect of dietary fibre is based on increased stool output, accelerated colonic transit time, the binding of bile acids and the production of short-chain fatty acids and gas (Read and Eastwood, 1992) . It can be hypothesized that rye bread, because of its high fibre content, relieves constipation. Whole-meal rye bread has been shown to increase faecal output and frequency, and shorten intestinal transit time compared to wheat bread, in healthy men and women (Grasten et al., 2000) , but to our knowledge the effect has not so far been studied in subjects with chronic constipation.
It has been hypothesized that lactic acid bacteria may have a function in relieving constipation (Salminen et al., 1993; Koebnick et al., 2003) . Lactobacillus rhamnosus strain GG (LGG; ATCC 53103) is a well-documented strain of lactobacilli. It has been shown to be of benefit in many gastrointestinal disorders as well as in enhancing the immune system (Saxelin, 1997; Szajewska and Mrukowicz, 2003; Vaarala, 2003) . Some preliminary data on the potential positive effect of LGG on bowel function exist, showing normalization of stool consistency (Ling et al., 1992) and possibly a slight increase of bowel movements in healthy adults (Benno et al., 1996) and elderly constipated patients (Salminen and Salminen, 1997) during LGG supplementation.
The aim of our study was to investigate whether, in women with self-reported constipation, rye bread rich in fibre or yoghurt containing LGG have effects on intestinal transit time and bowel function, and whether there is a synergistic interaction between these two supplementations.
Methods

Subjects
Women suffering from constipation were recruited for the study. The study population consisted of 59 women with self-reported constipation. The subjects' own feelings about reduced/less-frequent bowel movements as well as straining at defecation were considered to be self-reported constipation. There were no dietary inclusion criteria. Subjects with intestinal or other diseases that could affect bowel function were excluded.
Study design
The study was carried out as a two-by-two factorial design. After a 1-week baseline period, the subjects were randomized into one of the four following intervention groups: Table 2 .)
The fibre-rich rye bread contained 12.3 g fibre/100 g (Real s , Fazer Bakeries Ltd, Lahti, Finland), the low-fibre toast contained 4.5 g fibre/100 g (Suomi Paahtis, Fazer Bakeries Ltd, Vantaa, Finland), and the LGG yoghurt contained X5 Â 10 7 CFU LGG/g (Gefilus s apricot-flavoured yoghurt, Valio Ltd, Riihimäki, Finland). The study lasted 7 weeks. After a 1-week baseline, the 3-week intervention period began and was followed by a 3-week follow-up period. During the baseline and the follow-up periods there were no dietary restrictions.
Questionnaires
During the baseline week, the first and last weeks of the intervention and the last week of the follow-up, the subjects kept a daily diary of their bowel functions. They reported the number and consistency of stools (À1 ¼ loose, 0 ¼ normal, 1 ¼ hard), difficulty of defecation (À1 ¼ easy, 0 ¼ normal, 1 ¼ straining at defecation), and abdominal pain, flatulence, borborygmi, abdominal bloating, loose stools and hard stools (0 ¼ no symptoms, 1 ¼ mild, 2 ¼ moderate, 3 ¼ severe symptoms). Lifestyle factors such as amount of exercise, use of medication, intake of liquids, and consumption of coffee and tea were also reported by the subjects.
After the baseline, the intervention and the follow-up periods, the subjects filled in a validated dietary-fibre intakefrequency questionnaire (Jäkälä et al., 1994) . The intake of fibre was calculated using the Micro-Nutrica programme based on data files of Finnish foods (Rastas et al., 1989) .
Measurement of total intestinal transit time
Total intestinal transit time (TITT) was measured three times: during the baseline week, during the last week of the intervention, and during the last week of the follow-up. TITTs were measured using radiopaque Sitzmarks s capsules (Konsyl, Texas, USA), each containing 24 polyvinyl chloride rings, which could be seen on X-ray. At the beginning of each TITT measurement, the study subjects ingested one Sitzmarks s capsule, and then for the next 5 days, collected all their faeces. The frozen faecal samples were X-rayed, using a Bennet Model D-50 M and Kodak T-mat G films. TITT was calculated with the following formula (Corazziari et al., 1987) :
in which n is the number of PVC rings appearing in the faeces on different investigation days ( 2, 3, 4 and 5) and N is the total number of PVC rings appearing in the faeces over a period of 5 days.
Statistics
The sample size calculation was based on the intestinal transit time. Assuming that no interaction between LGG and rye bread exists, with 16 subjects per group, the true difference of 24 h (s.d. 24 h) has an 80% chance of being detected at a 5% significance level. Baseline characteristics were compared in the four groups, using one-way analysis of variance (ANOVA) or the w 2 test, whichever was appropriate. The variables describing bowel functions and gastrointestinal symptoms during the 1-week baseline and the 1-week follow-up are expressed as means of 7 days, and are based on the subjects' own records. The main outcome variables, bowel functions and gastrointestinal symptoms during the intervention, were the means of 7 or 14 days based on the first or third intervention weeks or a combination of both weeks. The two-way ANOVA was first carried out to test the interaction between rye bread and LGG in the context of the main outcome variables. The interactions were nonsignificant, and the effects of rye bread and LGG were analysed in separate analyses using the analysis of covariance (ANCOVA), where the corresponding baseline level of the main outcome variable was included as a continuous covariate. The results of group comparisons are given as baseline-adjusted means with 95% confidence intervals (CI 95 ). Pairwise comparisons between the four study groups were performed using one-way ANOVA and
Fisher's LSD test. A P value of o0.05 was considered significant. Data were analysed using SPSS, version 12.0.
Ethics
The study protocol was accepted by the local ethics committee. Informed, written consent was obtained from all the subjects.
Results
The study comprised 59 women with self-reported constipation (mean age 41 years, range 18-57 years). The baseline characteristics of the study groups are given in Table 1 . Mean age in the control group was 5-8 years higher than in the other groups, but this was not considered to be a confounding factor.
No differences between the groups were discerned either in the bowel function variables during the baseline period or the lifestyle variables (exercise, medication, liquid intake and consumption of coffee or tea) during any of the study periods (data not shown). During the baseline period, during which no additional bread was supplied to the subjects, the mean daily intake of fibre was higher in the control group (24.9 g) than in the other groups (rye bread þ LGG group, 17.1 g; rye bread group, 19.9 g; LGG group, 15.1 g; P ¼ 0.016), but during the follow-up period no differences between the groups were discerned (rye bread þ LGG group, 15.5 g; rye bread group, 15.7 g; LGG group, 14.3 g; control group, 17.0 g; P ¼ 0.864).
Diet compliance during the intervention was good: all the subjects in the rye bread þ LGG group and the LGG group reported a daily consumption of 2 Â 150 g yoghurt as instructed. Even though the subjects in the rye bread þ LGG and rye bread groups consumed slightly less rye bread than the eight slices/day they were instructed to eat (mean daily consumption six slices and 7.5 slices, respectively), the intake of dietary fibre during the intervention was Results are expressed as mean (range) or as percentage of subjects.
significantly higher in these two rye bread groups than in the two low-fibre toast groups (Table 2) . Fibre-rich rye bread significantly improved bowel function (Figures 1-4) . During the 3-week dietary intervention, in the rye bread groups the frequency of bowel movements was higher (mean difference, 0.3 defections/day; CI 95 , 0.1 to 0.5; P ¼ 0.001), defecation was easier (À0.4; CI 95 , À0.5 to À0.2; Po0.001) and stools were softer (À0.3; CI 95 , À0.4 to À0.2; Po0.001) compared to the low-fibre toast groups.
An interesting result was that LGG yoghurt tended to increase the effect of rye bread on all the bowel function variables, although neither the main effect nor the interactions were statistically significant.
Gastrointestinal side effects (abdominal pain, flatulence, borborygmi, abdominal bloating, loose and/or hard stools) (abdominal pain þ flatulence þ borborygmi þ abdominal bloating þ loose stools þ hard stools), as reported by the study subjects (n ¼ 59). Scale 0-3 for each symptom; 0-18 for total symptoms score.
occurred in both the groups supplemented with rye bread (Figure 4 ). During the 3-week intervention, the symptom score in the rye bread groups was consistently higher than in the low-fibre groups (mean difference, 1.6; CI 95 , 0.7 to 2.4; Po0.001). The gastrointestinal symptoms, mainly flatulence and abdominal bloating, were strongest during the first week of the dietary intervention, when the baseline-adjusted means were 4.7 for the rye bread groups and 2.6 for the low-fibre toast groups (mean difference, 2.1; CI 95 , 1.1 to 3.0; Po0.001). The difference diminished during the intervention, thus, during the last intervention week, there were only slightly more symptoms in the rye bread groups than in the low-fibre toast groups (baseline-adjusted means, 3.6 vs 2.7; mean difference, 0.9; CI 95 0.1 to 0.9; P ¼ 0.039).
LGG yoghurt relieved the gastrointestinal symptoms caused by rye bread. The baseline adjusted symptom scores were 3.5 for the rye bread þ LGG group and 4.8 for the rye bread group (mean difference, À1.3; CI 95 , À2.4 to À0.2; P ¼ 0.027). During the last intervention week, there were fewer symptoms in the LGG groups compared to the non-LGG groups (baseline-adjusted means, 2.7 vs 3.7; mean difference, À0.9; CI 95 , À1.8 to 0.0; P ¼ 0.050).
Rye bread significantly shortened TITT compared to lowfibre toast (mean difference, À0.7 days; CI 95 , À1.1 to À0.2; P ¼ 0.007, Figure 5 ). LGG tended to improve the positive effect of rye bread: at the end of the 3-week intervention, the baseline-adjusted means of the TITTs were 2.6 days in the rye bread þ LGG group, 3.0 days in the rye bread group, 3.4 days in the LGG group and 3.5 days in the control group.
Discussion
Based on the dietary interventions of fibre-rich rye bread and LGG yoghurt, the main results of the study were the relieving effect of rye bread on constipation and the positive effect of LGG yoghurt on gastrointestinal symptoms in women with self-reported constipation. Changes in bowel function were mainly based on the subjects' own reports, recorded in a diary. An objective measurement of bowel function, the TITT measurement, gave results similar to the subjective records. Since collection of stool samples is time consuming and awkward, and our results indicate that subjective records of bowel function were reliable, it can be concluded that objective measurements may not always be needed when self-reporting, free-living volunteers are used.
The results of our study clearly show the effectiveness of fibre-rich rye bread in the treatment of constipation. This accords with those of a study by Grasten et al. (2000) in which rye bread had positive effects on bowel function in healthy men and women.
LGG yoghurt did not have a significant independent effect on bowel function, but it did tend to shorten TITT. A slight increase in faecal frequency has been reported in previous studies (Benno et al., 1996; Salminen and Salminen, 1997) . In this study, the effect of LGG yoghurt might also have been based on components of yoghurt/milk other than LGG, since a placebo dairy product was not used. The effect of rye bread, too, may be based on many nutrients, but dietary fibre is the most likely explanation for the improvement in bowel function. This study shows a positive synergistic effect of a candidate prebiotic, rye fibre (Korakli et al., 2002; Karppinen et al., 2003) , and a probiotic, LGG, on bowel function.
At the beginning of the rye bread intervention, troublesome gastrointestinal side effects occurred. However, this did not come as a surprise, since it is known that an increased intake of dietary fibre causes flatulence and abdominal bloating (Read and Eastwood, 1992; Roberfroid, 2000; Cummings et al., 2001) . Our results support the adaptation hypothesis, according to which a continuous intake of dietary fibre relieves symptoms. The adaptation may be the result of an increase in the number of bacteria and/or the number of species capable of fermenting rye fibre, followed by an increase in species capable of utilizing a sudden excess of gas, both of which, together with the short-chain fatty acids thus produced, enter the colon; the consequence of this may be a new equilibrium between the gas-producing and gas-utilizing bacteria (Salyers, 1995) .
The role of LGG yoghurt and Lactobacillus GG in relieving gastrointestinal symptoms is worth noting. It may support the growth of other bacteria capable of metabolizing gases, but the exact mechanism is unknown. In our study, the intake of rye fibre was almost 20% lower in the rye fibre þ LGG group compared to the rye bread group, which may have affected the results of gastrointestinal symptoms and also the TITTs. Further studies on colonic microbiota and their changes during rye bread or LGG yoghurt administration are needed before one can speculate further about the mechanisms.
A low intake of dietary fibre is related to constipation (Garrigues et al., 2004; Higgins and Johanson 2004) . The mean intake of dietary fibre by our study subjects during the baseline week (19.2 g/day) is less than the Nordic recommendation (25-35 g/day) (Becker et al., 2004) ( Männistö et al., 2003) . This may be one -but not the onlyreason for their constipation. The intake of dietary fibre differed between the groups at baseline and therefore the statistical tests of the effect of dietary interventions were carried out taking into account these baseline differences. The results were similar when baseline differences were ignored.
The subjects may have considered constipation to be merely straining at defecation. A subjective feeling of constipation does not necessarily include less-frequent bowel movements, which is the generally accepted definition of constipation in medicine. It is known that subjects' records and the observed frequency of their bowel movements correlate poorly (Sandler et al., 1990) . Thus, it is understandable that the mean faecal frequency of our study population during the baseline week was as high as once a day. However, the subjects reported that they suffered from problems in bowel function.
In conclusion, in the present study fibre-rich rye bread clearly relieved constipation: it significantly increased faecal frequency, softened stools, made defecation easier and shortened TITT. Rye bread also increased unpleasant gastrointestinal symptoms at the beginning of consumption, but the simultaneous consumption of LGG yoghurt may have relieved some of the symptoms. Thus, in the treatment of constipation, a combination of fibre-rich rye bread and LGG yoghurt can be recommended in order to improve bowel function, causing only mild adverse gastrointestinal effects.
